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SEMICONDUCTOR INTEGRATED CIRCUIT DEVICE AND 
METHOD OF MANUFACTURING THE SAME 

CROSS-REFERENCE TO RELATED APPLICATION 
5 This application is based upon and claims the benefit of 

priority from the prior Japanese Patent Application No. 
2003-118742, f iled on April 23 , 2003; the entire contents of which 
are incorporated herein by reference. 

10 BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to a semiconductor integrated 

circuit device and a method of manufacturing the same and, more 

particularly, to a by-pa.ss capacitor disposed between a power 
15 source potential node and a ground potential node and a method 

of manufacturing the same. 

Related Background Art 

In a semiconductor integrated circuit, as a counter-measure 

againstEMI (Electro Magnetic Interference) of canceling of f power 
2 0 source noise between a power source potential node and a ground 

potential node, entering from the external via the power source 

potential node and the ground potential node, a by -pass capacitor 

is disposed between the nodes. 

The following five modes can be mentioned as conventional 
2 5 modes of disposing a by -pass capacitor between a power source 

potential node and a ground potential node of a semiconductor 

integrated circuit. 

In a first conventional mode, by using a source potential 

and a drain potential of an n-channel MOS transistor as a ground 
30 potential and using a gate potential as a power source potential , 

or by using a source potential and a drain potential of a p-channel 

MOS transistor as a power source potential andusingagate potential 

as a ground potential, a by-pass capacitor including a gate 

insulation film made of a dielectric is formed. 
35 In a second conventional mode, a power source potential 

pad and a ground potential electrode pad are disposed so as to 
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be adjacent to each other and a metal wiring led from one of the 
electrode pads is laid under the other electrode pad via an 
interlayer insulation film, thereby forming a by-pass capacitor 
including an interlayer insulation film made of a dielectric. 
5 In a third conventional mode, a power source potential lead 

frame and a ground potential lead frame are disposed so as to 
be adjacent to each other in an LSI package and only the portion 
between the lead frames is molded by a ferromagnetic, thereby 
forming a by-pass capacitor using the molding material as a 
10 dielectric. 

In a fourth conventional mode , a by-pass capaci tor i s mounted 
and connected as a separate part near a power source terminal 
and a ground terminal of an LSI on a mounting board. 

In a fifth conventional mode, when a dummy trench exists 
1 5 under an electrode pad in a DRAM embedded LSI or the like , a by-pass 
capacitor is formed by using the dummy trench. Refer to Japanese 
Patent Laid-Open Pub. No. 08-274258 (274258/1996) as an example 
of the fifth conventional mode. 

One of various capacitors is anMIM (Metal -Insulator-Metal) 
2 0 structure capacitor . Structures to achieve smaller size and 
larger capacitance of the MIM structure capacitor have been 
proposed. As an example of such a structure, refer to Japanese 
Patent Laid-Open Pub. No. 2001-102529. 

Each of the conventional modes has, however, the following 

2 5 problems. 

In the first conventional mode, since an area for forming 
a by-pass capacitor is limited in an LSI in which the ratio of 
area of transistors used for an internal circuit is high, it is 
difficult to obtain large capacitance. Moreover, since the gate 
30 insulation film is used as a dielectric, the possibility of 
destruction of the gate insulation film is high. 

In the second conventional mode, the interlayer insulation 
film used as a dielectric is thick, so that it is difficult to 
obtain a large capacitance . Since wirings of different potentials 

3 5 are laid under electrode pads , shor t-circui t tends to occur between 

the power source and the ground by a probe pressure applied at 
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the time of wafer measurement. 

In the third conventional mode, a different material is 
used only for a part of the molding, so that the molding process 
is complicated and the number of steps also increases. 
5 In the fourth conventional mode, the number of mounting 

parts increases, so that it causes increase in the failure rate 
at a mounting level and increase in the mounting area and volume. 

In the fifth conventional mode, in the case of a circuit 
device other than a DRAM embedded LSI , the number of steps for 
10 forming a trench capacitor increases and it causes increase in 
manufacturing time and cost. 

SUMMARY OF THE INVENTION 
According to a first aspect of a semiconductor integrated 

1 5 circuit device as an embodiment of the invention , there is provided 
with a semiconductor integrated circuit device comprising an MIM 
structure capacitor connected between a power source potential 
electrode wiring and a ground potential electrode wiring each 
via at least one interlayer connection wiring. 

2 0 According to a second aspect of a semiconductor integrated 

circuit device as an embodiment of the invention , there is provided 
wi th a semiconductor integrated circui t device comprising : a metal 
electrode on one side connected to a power source potential 
electrode wiring via at least one interlayer connection wiring; 

2 5 a metal electrode on the other side connected to a ground potential 
electrode wiring via at least one interlayer connection wiring; 
and an insulation dielectric sandwiched by the metal electrode 
on one side and the metal electrode on the other side. 

According to a first aspect of a method of manufacturing 

30 a semiconductor integrated circuit device , there is provided with 
a method of manufacturing a semiconductor integrated circuit 
device comprising: forming an MIM structure capacitor; covering 
the MIM structure capacitor with an interlayer insulation film; 
opening contact holes in the interlayer insulation film on a metal 

35 electrode on one side and a metal electrode on the other side 
of the MIM structure capacitor; forming an interlayer connection 



4 



wiring in the contact holes ; and forming a power source potential 
electrode wiring and a ground potential electrode wiring connected 
to the metal electrode on one side and the metal electrode on 
the other side, respectively, each via the interlayer connection 
5 wiring. 

According to a second aspect of a method of manufacturing 
a semiconductor integrated circuit device as an embodiment of 
the invention, there is provided with a method of manufacturing 
a semiconductor integrated circuit device comprising: forming 

10 a metal electrode on one side; forming an insulation dielectric 
on a part of the metal electrode on one side; forming a metal 
electrode on the other side on the insulation dielectric; covering 
the metal electrode on one side, the metal electrode on the other 
side, and the insulation dielectric with an interlayer insulation 

15 film; opening contact holes in the interlayer insulation film 
on the metal electrode on one side and the metal electrode on 
the other side; forming an interlayer connection wiring in the 
contact holes; and forming a power source potential electrode 
wiring and a ground potential electrode wiring connected to the 

2 0 metal electrode on one side and the metal electrode on the other 
side, respectively, each via the interlayer connection wiring. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a cross sectional view showing the configuration 
25 of a semiconductor integrated circuit device according to a first 
embodiment of the invention. 

FIG. 2 is a plan view showing a schematic configuration 
of a semiconductor integrated circuit device according to the 
first embodiment of the invention. 
30 FIG. 3 is a cross sectional view showing the configuration 

of a semiconductor integrated circuit device according to a second 
embodiment of the invention. 

FIG. 4 is a plan view showing a schematic configuration 
of the semiconductor integrated circuit device according to the 
.35 second embodiment of the invention. 
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DETAILED DESCRIPTION OF THE EMBODIMENTS 
Embodiments of a semiconductor integrated circuit device 
according to the invention will be described hereinbelow with 
reference to the drawings . 
5 In a semiconductor integrated circuit in which analog 

circuits such as an RF module, an A/D converter, a D/A converter, 
and an operational amplifier are mounted, an MIM structure 
capacitor is often used. 

In the semiconductor integrated circuit devices according 

10 to the embodiments of the invention, an MIM structure capacitor 
is formed between wiring layers constructing a path for 
electrically connecting a power source potential electrode pad 
and a ground potential electrode pad or a poweir potential source 
ring and a ground potential power source ring, and is allowed 

15 to function as a by-pass capaci tor between a power source potential 
node and a ground potential node. 

FIG. 1 is a cross sectional view showing the configuration 
of a semiconductor integrated circuit device according to a first 
embodiment of the invention. FIG. 2 is a plan view showing a 

2 0 schematic configuration of the semiconductor integrated circuit 
device according to the first embodiment of the invention. FIG. 
1 is a cross section taken along a line X-X in the plan view of 
FIG. 2 . FIG. 2 shows only main elements for easier understanding. 

A semiconductor integrated circuit device according to the 

25 first embodiment of the invention includes a metal electrode 3b 
on one side, an insulation dielectric 4 formed on theme tal electrode 
3b on one side, a metal electrode 3a on the other side formed 
on the insulation dielectric 4, a first interlayer connection 
wiring 2a formed on the metal electrode 3a on the other side, 

30 a first metal wiring layer 6a formed on the first interlayer 
connection wiring 2a, a second interlayer connection wiring 5a 
formed on the first metal wiring layer 6a , a power source potential 
electrode pad la formed on the second interlayer connection wiring 
5a, a third interlayer connection wiring 2b formed on the metal 

35 electrode 3b on one side, a second metal wiring layer 6b formed 
on the third interlayer connection wiring 2b, a fourth interlayer 



6 



connection wiring 5b formed on the second metal wiring layer 6b., 
and a ground potential electrode pad lb formed on the fourth 
interlayer connection wiring 5b. 

In gaps among the metal electrodes, interlayer connection 
5 wirings (via wirings) , metal wiring layers, and electrode pads, 
an interlayer insulation film 10 is formed. On the interlayer 
insulation film 10 formed in the gap between the electrode pads, 
a protection film 7 is formed so as to cover the boundary portions 
between the electrode pads and the interlayer insulation film. 

10 The power source potential electrode pad la is an electrode pad 
to which a power source potential V is supplied and a wiring from 
the external is connected. The ground potential electrode pad 
lb is an electrode pad which is grounded and to which a wiring 
from the external is connected. 

15 By the metal electrode 3b on one side, the metal electrode 

3a on the other side, and the insulation dielectric 4 sandwiched 
by the electrodes 3b and 3a, an MIM structure capacitor is 
constructed. 

The configuration of the semiconductor integrated circuit 
2 0 device according to the first embodiment of the invention has, 
in short, the metal electrode 3b on one side connected to the 
ground potential electrode pad lb via at least one interlayer 
connection wiring, the metal electrode 3a on the other side 
connected to the power source potential electrode pad la via at 

2 5 least one interlayer connection wiring, and the insulation 

dielectric 4 sandwiched by the metal electrode 3b on one side 
and the metal electrode 3a on the other side. 

A method of manufacturing the semiconductor integrated 
circuit device according to the first embodiment of the invention 

3 0 will now be described. In the following, only the manufacturing 

method of the portion shown in FIG. 1 in the semiconductor integrated 
circuit device according to the first embodiment of the invention 
will be described. 

The whole portion of the interlayer insulation film 10 shown 
35 in the figure is not formed at once but is formed by stacking 
layers step by step in correspondence with other stacked products . 
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First, by depositing a metal film on the interlayer 
insulation film 10 and patterning the metal film, the metal 
electrode 3b on one side is formed. 

After forming the metal electrode 3b on one side, by 
5 depositing an insulation dielectric material on the metal 
electrode 3b and patterning the material, the insulation 
dielectric 4 is formed on a part of the metal electrode 3b on 
one side. 

After forming the insulation dielectric 4 , the interlayer 
10 insulation film 10 is deposited and the top face of the interlayer 
insulation film 10 is planarized so that the top face of the 
insulation dielectric 4 is exposed, thereby forming the interlayer 
insulation f ilm 10 to the same level as the top face of the insulation 
dielectric 4 . 

15 After depositing and planari zing the interlayer insulation 

film 10, a metal film is deposited on the insulation dielectric 
4 and the interlayer insulation film 10 and patterned, thereby 
forming the metal electrode 3a on the other side so as to cover 
at least the top face of the insulation dielectric 4. 

2 0 After forming the metal electrode 3a on the other side, 

the interlayer insulation film 10 is deposited to a predetermined 
thickness, and the top face of the interlayer insulation film 
10 is planarized. 

After depositing andplanarizing the interlayer insulation 

25 film 10, contact holes are opened in the interlayer insulation 
film 10 on the metal electrode 3b on one side and the metal electrode 
3a on the other side, an interlayer connection wiring material 
is deposited so as to bury the contact holes and an unnecessary 
interlayer connection wiringmaterial on the interlayer insulation 

30 film 10 is removed, thereby forming the first interlayer connection 
wiring 2a on the metal electrode 3a on the other side and the 
third interlayer connection wiring 2b on the metal electrode 3b 
on one side. 

After forming the first interlayer connection wiring 2a 
35 and the third interlayer connection wiring 2b, by depositing a 
metal film on the first interlayer connection wiring 2a, third 
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interlayer connection wiring 2b, and interlayer insulation film 
10 and patterning the metal film, the first metal wiring layer 
6a connected to the first interlayer connection wiring 2a and 
the second metal wiring layer 6b connected to the third interlayer 
5 connection wiring 2b are formed. 

After forming the first and second metal wiring layers 6a 
and 6b, the interlayer insulation film 10 is deposited to a 
predetermined thickness, and the top face of the interlayer 
insulation film 10 is planarized. 

10 After depositing andplanarizing the interlayer insulation 

film 10, contact holes are opened in the interlayer insulation 
film 10 on the first and second metal wiring layers 6a and 6b, 
the interlayer connection wiring material is deposited so as to 
bury the contact holes , and the unnecessary interlayer connection 

15 wiring material on the interlayer insulation film 10 is removed, 
thereby forming the second interlayer connection wiring 5a on 
the f irstmetal wiring layer 6a and the fourth interlayer connection 
wiring 5b on the second metal wiring layer 6b. 

After forming the second interlayer connection wiring 5a 

2 0 and the fourth interlayer connection wiring 5b, by depositing 
a metal film on the second and fourth interlayer connection wirings 
5a and 5b and the interlayer insulation film 10 and patterning 
the metal film, the power source potential electrode pad la 
connected to the second interlayer connection wiring 5a and the 

2 5 ground potential electrode pad lb connected to the fourth 

interlayer connection wiring 5b are formed. 

After forming the power source potential electrode pad la 
and the ground potential electrode pad lb, the interlayer 
insulation film 10 is deposited and the top face of the interlayer 

3 0 insulation film 10 is planarized so that the top faces of the 

power source potential electrode pad la and the ground potential 
electrode pad lb are exposed, thereby forming the interlayer 
insulation film 10 to the same level as the top faces of the power 
source potential electrode pad la and the ground potential 
35 electrode pad lb. 

By forming the protection film 7 on the interlayer insulation 



film 10 formed in the gap between the electrode pads so as to 
cover the boundary portions between the electrode pads and the 
interlayer insulation film 10, the manufacturing of the 
semiconductor integrated circuit device according to the first 
5 embodiment of the invention shown in FIGS. 1 and 2 is completed. 

In the semiconductor integrated circuit device according 
to the first embodiment of the invention and the method of 
manufacturing the same, with the above described configuration, 
the MIM structure capacitor is connected as a by -pass capacitor 

10 between the power source potential electrode pad and the ground 
potential electrode pad which are adjacent to each other each 
via at least one interlayer connection wiring. Consequently, 
while effectively suppressing the possibility of destruction and 
increase in the number of manufacturing steps and cost, power 

15 source noise can be eliminated or suppressed by the by-pass 
capacitor having a sufficient capacitance. Therefore, power 
source noise entering from the external and power source noise 
occurring in the LSI can be blocked at the power source input/output 
nodes: Further, by removing the by-pass capacitor from the face 

2 0 of the mounting board, the mounting area and the volume can be 
reduced. 

FIG. 3 is a cross sectional view showing the configuration 
of a semiconductor integrated circuit device according to a second 
embodiment of the invention. FIG. 4 is a plan view showing a 
25 schematic configuration of the semiconductor integrated circuit 
device according to the second embodiment of the invention . FIG. 
3 is a cross section taken along a line Y-Y of the plan view of 
FIG. 4. For easier understanding, FIG. 4 shows only main 
components . 

30 A semiconductor integrated circuit device according to the 

second embodiment of the invention includes a metal electrodes 
3b on one side, an insulation dielectric 4 formed on the metal 
electrode 3b on one side, the metal electrode 3a on the other 
side formed on the insulation dielectric 4, a first interlayer 

35 connection wiring 2a formed on the metal electrode 3a on the other 
side, a loop-shaped ground potential electrode wiring 8 formed 
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in a loop shape around a semiconductor integrated circuit body 
11 and a part of which is formed on the first interlayer connection 
wiring 2a, a second interlayer connection wiring 2b formed on 
the metal electrode 3b on one side, and a loop-shaped power source 
5 potential electrode wiring 9 formed in a loop shape around the 
semiconductor integrated circuit body 11 and a part of which is 
formed on the second interlayer connection wiring 2b. 

In gaps among the metal electrodes, interlayer connection 
wirings, and loop-shaped electrode wirings (power source rings) , 

10 an interlayer insulation film 10 is formed. The power source 
potential V is supplied to the loop-shaped power source potential 
electrode wiring 9 , and the loop-shaped ground potential electrode 
wiring 8 is grounded. 

By the metal electrode 3b on one side, the metal electrode 

15 3a on the other side, and the insulation dielectric 4 sandwiched 
by the electrodes 3b and 3a , an MIM structure capacitor is 
constructed. 

The configuration of the semiconductor integrated circuit 
device according to the second embodiment of the invention has, 
2 0 in short, the metal electrode 3b on one side connected to the 
loop-shaped power source potential electrode wiring 9 via at least 
one interlayer connection wiring, the metal electrode 3a on the 
other side connected to the loop-shaped ground potential electrode 
wiring 8 via at least one interlayer connection wiring, and the 

2 5 insulation dielectric 4 sandwiched by the metal electrode 3b on 

one side and the metal electrode 3a on the other side. 

A method of manufacturing the semiconductor integrated 
circuit device according to the second embodiment of the invention 
will now be described. In the following, only the manufacturing 
30 methodof the portion shown in FIG. 3 in the semiconductor integrated 
circuit device according to the second embodiment of the invention 
will be described. 

The whole portion of the interlayer insulation film 10 shown 
in the figure is not generated at once but is formed by stacking 

3 5 layers step by step in correspondence with other stacked products . 

First, by depositing a metal film on the interlayer 
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insulation film 10 and patterning the metal film, the metal 
electrode 3b on one side is formed. 

After forming the metal electrode 3b on one side, by 
depositing an insulation dielectric material on the metal 
5 electrode 3b on one side and patterning the insulation dielectric 
material, the insulation dielectric 4 is formed on a part of the 
metal electrode 3b on one side. 

After forming the insulation dielectric 4 , the interlayer 
insulation film 10 is deposited and the top face of the interlayer 
10 insulation film 10 is planarized so that the top face of the 
insulation dielectric 4 is exposed, thereby forming the interlayer 
insulation film 10 to the same level as the top face of the insulation 
dielectric 4 . 

After depositing and planarizing the interlayer insulation 

15 film 10, a metal film is deposited on the insulation dielectric 
4 and the interlayer insulation film 10 and patterned, thereby 
forming the metal electrode 3a on the other side so as to cover 
at least the top face of the insulation dielectric 4 . 

After forming the metal electrode 3a on the other side, 

2 0 the interlayer insulation film 10 is deposited to a predetermined 
thickness, and the top face of the interlayer insulation film 
10 is planarized. 

After depositing and planarizing the interlayer insulation 
film 10, contact holes are opened in the interlayer insulation 

25 film 10 on themetal electrode 3b on one side and the metal electrode 
3a on the other side, an interlayer connection wiring material 
is deposited so as to bury the contact holes and an unnecessary 
interlayer connection wiringmaterial on the interlayer insulation 
film 10 is removed , thereby forming the first interlayer connection 

30 wiring 2a on the metal electrode 3a on the other side and the 
second interlayer connection wiring 2b on the metal electrode 
3b on one side. 

After forming the first interlayer connection wiring 2a 
and the second interlayer connection wiring 2b, by depositing 

35 a metal film on the first interlayer connection wiring 2a, second 
interlayer connection wiring 2b, and interlayer insulation film 
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10 and patterning the metal film, the loop-shaped ground potential 
electrode wiring 8 connected to the first inter layer connection 
wiring 2a and the loop-shaped power source potential electrode 
wiring 9 connected to the second interlayer connection wiring 
5 2b are formed. 

After forming the loop-shaped ground potential electrode 
wiring 8 and the loop-shaped power source potential electrode 
wiring 9, the interlayer insulation film 10 is deposited and the 
top face of the interlayer insulation film 10 is planarized so 

10 that the top faces of the loop-shaped ground potential electrode 
wiring 8 and the loop-shaped power source potential electrode 
wiring 9 are exposed, thereby forming the interlayer insulation 
film 10 to the same level with the top faces of the loop-shaped 
ground potential electrode wiring 8 and the loop-shaped power 

15 source potential electrode wiring 9. In such a manner, the 
manufacturing of the semiconductor integrated circuit device 
according to the second embodiment of the invention shown in FIGS. 
3 and 4 is completed. 

In the semiconductor integrated circuit device according 

2 0 to the second embodiment of the invention and the method of 
manufacturing the same, with the above described configuration, 
the MIM structure capacitor is connected as a by-pass capacitor 
between the loop-shaped power source potential electrode wiring 
and the loop-shaped ground potential electrode wiring which are 

2 5 adjacent to each other, that is, between the power source rings 
of the power source potential and the ground potential each via 
at least one interlayer connection wiring. Consequently, while 
effectively suppressing the possibility of destruction and 
increase in the number of manufacturing steps and cost, power 

30 source noise can be eliminated or suppressed by the by-pass 
capacitor having a sufficient capacitance. Therefore, power 
source noise entering from the external and power source noise 
occurring in the LSI can be blocked at the power source input/ output 
nodes. Further, by removing the by-pass capacitor from the top 

35 face of the mounting board, the mounting area and the volume can 
be reduced. 
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As described above , in the semiconductor integrated circuit 
device according to each of the foregoing embodiments of the 
invention and the method of manufacturing the same, the metal 
electrode on one side connected to the power source potential 
5 electrode wiring or the ground potential electrode wiring via 
at least one interlayer connection wiring, the metal electrode 
on the other side connected to the ground potential electrode 
wiring or power source potential electrode wiring via at least 
one interlayer connection wiring, and the insulation dielectric 

10 sandwiched between the metal electrode on one side and the metal 
electrode on the other side are formed . That is , the MIM structure 
capacitor connected between the power source potential electrode 
wiring and the ground potential electrode wiring each via at least 
one interlayer connection wiring is formed. Thus, effects as 

1 5 described above can be obtained . 

Although the metal electrode on one side or the metal 
electrode on the other side is connected to the power source 
potential electrode wiring or ground potential electrode wiring 
via at least one interlayer connection wiring, such connections 
may be formed via two or more interlayer connection wirings and 
at least one metal wiring layer. 



